In this paper we study some van den Bergh open clusters combining photometry and astrometry. A model which analyses the proper motion distribution and the stellar density is applied to find the kinematic parameters and stellar membership in the region of the open clusters vdB92, vdB146 (NGC 7129) and vdB150. The astrometric data are obtained from UCAC4 catalogue. The centre coordinates, the components of mean proper motion, the angular diameter and the astrometric members are reported, taking the following values: for vdB92:
Introduction
The study of embedded clusters can provide the key to a better understanding of (Bonatto and Bica [3] ) and is placed in Canis Major. It was first identified by van den Bergh [4] and contains the stars BD-11 1763 (UCAC4 393-021223) and BD-11 1761 (UCAC4 393-021212). Racine [5] performed photometry and spectroscopy for 92b (UCAC4 393-021223) and photometry for 92a (UCAC4 393-021212) and for 92c (UCAC4 393-021222).
Soares and Bica [6] employ 2MASS photometry to study the brighter sequences and derive the cluster age of 5-7 Myr and a distance of 1.5 kpc. Froebrich et al. [7] list the cluster as FSR 1188 and derive a core radius of 1.1', a tidal radius of 24'
and 297 stars as members based on H photometry. A more extensive analysis up to 2MASS fainter magnitudes is done by Bonatto and Bica [3] . They derive the fun- (Dias et al. [9] ). When van den Bergh [4] (Dias et al. [9] ). van den Bergh [4] finds a reflection nebula associated with the star BD +72 1020 (UCAC4 817-026634), to which Racine [5] performs photometry and spectroscopy to determine a distance modulus of 8.5. Aveni and Hunter [10] analyse a sample of 19 stars in the area and report the possible existence of a widespread group at a distance modulus of 7.5. Positional errors are about 15 to 20 mas for stars in the 10 to 14 mag range.
Errors in proper motions of the bright stars (to ~12 R ) run from about 1 to 3 mas/yr, typical errors of the fainter stars using SPM and NPM data are at the level of 2 to 6 mas/yr. These data are supplemented by 2MASS photometric data for about 110 million stars and 5-band (B, V, g, r, i) photometry from the APASS (AAVSO Photometric All-Sky Survey) for over 50 million stars. A detailed description of the construction of UCAC4 catalogue can be found in Zacharias et al. [12] .
Data extraction has been performed using the Vizier The projected stellar density of each cluster is analysed in a region whose size and magnitude limit depend on local characteristics. We consider the faintest magnitude up to which an overdensity can be distinguished. 
105.97917 ± 0.01248 −11.56889 ± 0.01222
325.71247 ± 0.03016 66.09753 ± 0.01222
332.41250 ± 0.04279 73.404167 ± 0.01222 σ its circular dispersion for cluster stars. These parameters are obtained after applying the method of maximum likelihood to Equation (1).
The probability for the i-th star is calculated as ( )
, ,
A cluster member is found when 0.5 ci P ≥ .
Results

Open cluster vdB92:
We choose the stars in a circular region of radius 30' centered at the ( ) Table 1 After Equation (1) is resolved, the cluster parameters are for the radius, in good agreement with Bonatto and Bica's value.
The location of the members in the spatial distribution and in the VPD is shown with black circles in Figure 2 (a) and Figure 3 (a), respectively. Table 2 gives our numbering system, the UCAC4 number, the equatorial coordinates with their errors, the components of proper motion with their errors and the membership probability ( ci P ). Dias et al. [8] published an astrometric research using UCAC4 catalogue.
They analysed a small region of diameter 3' centred at Table 3 gives our numbering system, the UCAC4 number, the equatorial coordinates with their errors, the components of proper motion with their errors and the membership probability
Open cluster vdB150:
The model is applied in a circular region of radius 30' and centered at Table 4 gives our numbering system, the UCAC4 number, the equatorial coordinates with their errors, the components of proper motion with their errors and the membership probability (P ci ).
In summary, the centre coordinates and components of the mean proper motion of each cluster are shown in Table 5 .
Proper Motion Errors
We analyse the incidence of stellar proper motions errors in the determination of the cluster parameters and stellar membership. We follow the method proposed Table 5 . Centre coordinates, mean proper motion, number of members N and diameters D of the clusters. by Chen et al. [17] . We have generated 25 simulations by adding an increment Table 6 .
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Comparing these results to those obtained in Subsection 3.2 (see Table 5 ), it is easy to see that the error does not significantly change the kinematic parameters of the studied clusters.
In addition, the effect of the proper motion errors on the determination of cluster members for each cluster is examined. Therefore, we count the number International Journal of Astronomy and Astrophysics of times in which a cluster member obtained in Subsection 3.2 keeps its membership condition throughout the 25 simulations. Figure 4 shows these results by a histogram for each cluster, where the abscissa shows our numbering system for vdB92, vdB146 and vdB150 respectively.
It is easy to see that between 80% and 90% of the members maintain their condition, despite the proper motion errors.
Discussion
We compare the stellar astrometric membership condition in the regions of vdB92, vdB146 and vdB150 with the photometric one given in the literature.
Open cluster vdB92:
In 2010, Bonatto and Bica made an infrared photometric analysis using 2MASS data and derived fundamental parameters. We take these parameters to plot the CMD of the 60 astrometric members ( Figure 5 ). Up to 13 magnitude, we compare their distribution with the one of the photometric members drawn in Figure 6 right of Bonatto and Bica [3] . We find that three astrometric members shown with a triangle in Figure 5 are not photometric members.
In their investigation, Bonatto and Bica [3] calculate the average spectroscopic distance of five photometric members using SIMBAD data, in excellent agreement with the photometric value. It is important to remark that four of these stars-HRW14 (UCAC4 393-021237), BD-11 1763 (UCAC4 393-021223), HIP 34133 (UCAC4 393-021497) and NSV 3364 (UCAC4 393-021345)-are astrometric members.
Open cluster vdB146:
We analyse the astrometric membership condition of the nine cluster members obtained by Aveni and Hunter [10] . Only five members fulfil both astrometric and photometric condition, they are stars No. 1 (UCAC4 781-037989 Straižys et al. [11] find that the young age of the cluster makes that only six While comparing our results with these six cluster members, it can be seen that only star No. 105 (UCAC4 781-037982) does not fulfil the astrometric membership condition due to its proper motion. These results are shown in Table 7 .
Open cluster vdB150: Aveni [10] . As cluster members must have similar kinematic parameters, the VPD of the uncertain photometric members (Figure 7 ) explain the reason why some possible photometric members should not be considered members of the cluster. The possible photometric members are plotted with crosses and the four astrometric members with large circles. International Journal of Astronomy and Astrophysics Finally, we compare our membership results and the photometric ones given in the literature to lead to a successful membership determination. In the case of vdB92, we take Bonatto and Bica [3] fundamental parameters and realize that 57 stars are astro-photometric members. For vdB146, the comparison with the photometric members given by Aveni and Hunter [10] affirms that five stars are both astrometric and photometric members. For vdB150, our analysis shows that four stars considered as possible photometric members by Aveni and Hunter [10] are astrometric members. In addition, the parallax of one astrometric member is in good agreement with the location of the cluster determined by Aveni and Hunter [10] .
